1. Introduction {#sec1-molecules-25-02445}
===============

Creatinine (2-amino-1-methyl-2-imidazoline-4-one) is the final metabolism product of creatine in mammals \[[@B1-molecules-25-02445]\], which is excreted exclusively by the kidneys via glomerular filtration and, to a lesser extent, by tubular secretion \[[@B2-molecules-25-02445]\]. Under physiological conditions, its excretion throughout the day is relatively constant, the amount of creatinine produced is proportional to the muscle mass of the individuals \[[@B3-molecules-25-02445]\]. In contrast, urine production depends on the intake or loss of fluid. Therefore, creatinine concentration in urine can be taken as a measure of the dilution of the urine \[[@B4-molecules-25-02445]\]. The physiological range of creatinine content can differ among the species, from lower values in humans (0.28--2.59 mg/mL) \[[@B5-molecules-25-02445]\] and higher for pigs (0.07--10.77 mg/mL) (our data).

Creatinine concentration is commonly used as a standardization tool for quantifying xenobiotics in urine (biomarkers) \[[@B6-molecules-25-02445]\]. The World Health Organization (WHO) recommends if a sample is too diluted (creatinine concentration \< 0.3 mg/mL) or too concentrated (creatinine concentration \> 3.0 mg/mL), another urine void should be collected (WHO, 1996). In biomonitoring, spot samples of urine are usually analyzed, since it is not practical to obtain urine samples over long periods \[[@B7-molecules-25-02445]\]. Therefore, dividing biomarker concentration by the creatinine level measured in the same sample can account for variability due to urinary dilution \[[@B8-molecules-25-02445]\]. Thus, an accurate and reliable method for creatinine determination is needed.

Other parameters frequently used to adjust analyte concentrations in urine samples include specific gravity, conductivity, and osmolarity \[[@B7-molecules-25-02445],[@B9-molecules-25-02445],[@B10-molecules-25-02445]\]. Choosing from the above parameters as measures of dilution remains unclear and may depend on the renal elimination mechanism(s) of the biomarker(s) of interest \[[@B11-molecules-25-02445],[@B12-molecules-25-02445]\]. Creatinine adjustment may be used to correct urine concentration results when the substance is eliminated primarily through renal filtration \[[@B11-molecules-25-02445],[@B13-molecules-25-02445]\]. Therefore, analyte concentrations in urine are mainly reported as creatinine-corrected concentrations \[[@B14-molecules-25-02445]\].

Different methods for creatinine determination are available. Spectroscopic methods based on Jaffé's reaction, where a colored complex of creatinine with picric acid in basic solution is formed and its absorbance is measured at 505 nm wavelength \[[@B15-molecules-25-02445]\]. However, colorimetric methods can be adversely affected by numerous metabolites and drugs found in biological samples \[[@B16-molecules-25-02445]\]. Enzymatic assays like ELISA (enzyme-linked immunosorbent assay), which are commercially available for urine analysis in different species are time-consuming and relatively expensive \[[@B17-molecules-25-02445],[@B18-molecules-25-02445]\].

Alternative approaches include sensitive or selective separation methods such as liquid chromatography (LC) and capillary electrophoresis \[[@B6-molecules-25-02445],[@B19-molecules-25-02445]\]. Recently, sensors and biosensors based on immobilized enzymes or molecularly imprinted polymers (MIPs) were used to analyze creatinine in clinical laboratories \[[@B20-molecules-25-02445],[@B21-molecules-25-02445]\].

Reversed-phase high-performance liquid chromatography (RP-HPLC) \[[@B22-molecules-25-02445]\] and liquid chromatography-tandem mass spectrometry (LC-MS/MS) \[[@B23-molecules-25-02445],[@B24-molecules-25-02445],[@B25-molecules-25-02445]\] have been recently the most popular techniques for the measurement of creatinine in biological samples. They could be alternative techniques for creatinine determination with adequate sensibility and specificity. Recent studies have shown the advantages of hydrophilic interaction chromatography (HILIC) over the RP-HPLC for the separation of highly polar compounds, particularly small biological metabolites \[[@B26-molecules-25-02445],[@B27-molecules-25-02445]\].

In the case of mycotoxin urinary biomarkers in pigs, there are only three studies, in which standardization for different dilutions of urine samples was used. Clinical-chemistry automatic analyzer **\[[@B27-molecules-25-02445]\]**, LC-MS method \[[@B28-molecules-25-02445]\], and the enzymatic method \[[@B29-molecules-25-02445]\] were used for creatinine determination. In human biomonitoring studies, standardization to creatinine level was far more often ([Table S1](#app1-molecules-25-02445){ref-type="app"}). Frequently, creatinine is determined based on the Jaffe reaction \[[@B30-molecules-25-02445],[@B31-molecules-25-02445],[@B32-molecules-25-02445],[@B33-molecules-25-02445],[@B34-molecules-25-02445],[@B35-molecules-25-02445],[@B36-molecules-25-02445]\]. In some studies, the levels of urinary creatinine were also determined based on a fast LC-MS/MS approach \[[@B37-molecules-25-02445],[@B38-molecules-25-02445],[@B39-molecules-25-02445],[@B40-molecules-25-02445]\] and enzymatic test \[[@B41-molecules-25-02445]\].

In this study, an accurate, robust, and simple LC-UV method based on chromatographic separation with porous graphitic carbon stationary phase was developed for the determination of creatinine in pig urine. The levels of the creatinine in pig urine samples were determined with a developed method and the results were compared with creatinine measurement with two other methods: a spectroscopic method based on Jaffe's reaction and ELISA test. Additionally, this developed LC-UV method was applied in the analysis of pig urine samples and as a normalization tool in LC-MS/MS mycotoxin biomarkers analysis. The standardization to constant and low creatinine level (0.5 mg/mL) enabled achievement of similar matrix effects for determination of mycotoxins in urine samples with different creatinine levels.

2. Results and Discussion {#sec2-molecules-25-02445}
=========================

2.1. Optimization of Chromatographic Separation {#sec2dot1-molecules-25-02445}
-----------------------------------------------

Creatinine is a very polar small molecule and has poor retention on a reversed-phase stationary phase \[[@B42-molecules-25-02445]\]. An alternative to commonly used in reversed-phase chromatography alkyl-bonded (e.g., C18) silicas sorbents is porous graphitic carbon. The method was based on Thermo Scientific Application Note 20512, which was modified and applied for pig urine samples \[[@B43-molecules-25-02445]\]. The mobile phase contains acetonitrile (ACN) and high percentages of water (97%) with the addition of trifluoroacetic acid (TFA) enabled achievement of sufficient retention and peak shape of creatinine on the Hypercarb column. The percentage of TFA---very strong acid---plays a significant role in the retention of creatinine on the Hypercarb column. Ammonium acetate and acids, like formic acid, acetic acid, and TFA are frequently added to mobile phase, to enhance analyte retention and also to improve the peak shape and consequently the chromatographic separation efficiency by protonation of the carboxyl groups \[[@B44-molecules-25-02445]\]. After optimization, 0.1% addition of TFA was optimal to achieve excellent creatinine retention and its separation from matrix components ([Figure 1](#molecules-25-02445-f001){ref-type="fig"}). Obtained retention time (Rt) was 4.6 min---much longer compared to C18 based stationary phase (Rt = 0.5 min) \[[@B24-molecules-25-02445]\] and similar to the HILIC HPLC method (Rt =4 min) \[[@B25-molecules-25-02445]\].

2.2. Validation of Chromatographic Method {#sec2dot2-molecules-25-02445}
-----------------------------------------

Good linear regression of the calibration curve was observed - the correlation coefficients were above 0.9988. A typical calibration curve followed the equation:$$y = 183.3x + 28.37.$$

The limit of detection (LOD) and limit of quantification (LOQ) was 0.3 and 1 µg/mL, respectively. No carry-over effects were detected. The percentage recovery was found to be 89.4--114% for creatinine and day-to-day precision (RSD) based on the retention time and peak area was better than 12.0% ([Table 1](#molecules-25-02445-t001){ref-type="table"}). These values are similar to those obtained with the HILIC LC-UV method \[[@B25-molecules-25-02445]\]. LOQ obtained with Disposable Pipette Extraction HPLC method is much higher (0.3 mg/mL) than this developed method \[[@B22-molecules-25-02445]\].

2.3. Comparison of the Creatinine Concentration Results in Pig Urine Samples Obtained with LC-UV, Spectroscopic and ELISA Method {#sec2dot3-molecules-25-02445}
--------------------------------------------------------------------------------------------------------------------------------

The concentrations of creatinine in tested pig urine samples with spectroscopic, LC-UV, and ELISA methods are given in [Figure 2](#molecules-25-02445-f002){ref-type="fig"}.

ELISA assay dedicated to pig urine samples couldn't be reproducible in an analysis of real pig urine samples---RSD lower than 20% was only for 35% of samples (9/26). Although, in each batch, biochemistry control urine (QC, urine number 0 in [Figure 2](#molecules-25-02445-f002){ref-type="fig"}) was added, and its concentration was consistent with producer data. The explanation for it could be the complexity of matrix---pig urine samples and possible cross-reactivity between antibodies and similar structure compounds \[[@B45-molecules-25-02445]\].

We can observe that LC-UV (RSD = 0.6--13.8%), as well as the spectroscopic method (RSD = 0.5--13.7%), provide repeatable results (RSD \< 15%) for all analyzed samples in contrast to the ELISA test (RSD = 1.6--84%). Results obtained with the spectroscopic method are consisted (differences lower than 20%) with the LC-UV method only for 38.5% of the samples (10/26). Results obtained with ELISA test consist of an LC-UV method (differences lower than 20%) for 80% of the samples (8/10), which were replicated (only 38.5% of analyzed samples---10/26). For the biochemistry control urine, all methods perform well (RSD \< 20%).

Although for biochemistry control urine spectroscopic as well as LC-UV method performs well. There are huge differences in results between those methods in the analysis of real urine samples. The reason for this fact could be, that the Biosystems kit is recommended for human urine and our results confirm that these kits are not suitable for pigs' urine. Creatinine levels in pig urine samples are much higher than in human urine \[[@B46-molecules-25-02445]\] and another validation for pig urine samples is needed. Additionally, various endogenous and exogenous compounds interfere with these photometrical measurements in biological fluid samples \[[@B27-molecules-25-02445],[@B47-molecules-25-02445]\]. The problem with Jaffe-based creatinine methods was also observed in human serum in terms of imprecision and lack of specificity---this variability brings into question their clinical utility. It is recommended to replace Jaffe-based creatinine methods with more specific methods that are enzyme-based \[[@B48-molecules-25-02445]\].

The developed LC-UV method was chosen for future analysis and successfully validated for pig urine samples.

2.4. Application of the LC-UV Method to the Pig Urine Samples {#sec2dot4-molecules-25-02445}
-------------------------------------------------------------

The developed LC-UV method was applied to the analysis of creatinine in 166 pig urine samples. The concentrations of creatinine in tested pig urine samples are given in [Figure 3](#molecules-25-02445-f003){ref-type="fig"}.

The concentrations of creatinine measured were in the range of 0.07 to 10.77 mg/mL. The values were consistent with the ranges reported in the literature \[[@B49-molecules-25-02445]\] and much higher than the physiological range for urine creatinine is 2.5--23 mM (0.28--2.59 mg/mL) in human urine \[[@B5-molecules-25-02445]\]. This difference can be the reason the spectroscopic method and ELISA failed with pigs' urine.

2.5. Standardization of Urine Samples to the Constant Creatinine Level for LC-MS/MS Analysis of Mycotoxin Biomarkers {#sec2dot5-molecules-25-02445}
--------------------------------------------------------------------------------------------------------------------

Biomonitoring data usually are adjusted to a constant creatinine concentration to correct for variable dilutions among samples. The ratio between toxin concentration and creatinine content of urine is the most popular way to correct for the different water content of human and animal urine in biomonitoring of mycotoxins.

As shown in [Table S1](#app1-molecules-25-02445){ref-type="app"}, in human urine, creatinine levels are rather low and constant---in the range: 0.8-1.7 mg/mL (mainly based on the Jaffe reaction). Therefore, only a slight improvement could be achieved by taking the creatinine concentration into account. The same situation was observed in the case of bovine urine \[[@B50-molecules-25-02445]\]. The matrix effect was reported in only one of the examination studies.

One of the main challenges in LC-MS/MS multi-mycotoxin method development was a high diversity of validation results for different pig urine samples in terms of matrix effects.

Up to now, there are only two studies, in which pig urine samples were diluted to the same creatinine content (determined by Jaffe and LC-MS/MS method) with water to obtain similar concentrations of matrix compounds in all samples. Urine was diluted before analysis to a creatinine content of 0.2 mM \[[@B28-molecules-25-02445],[@B29-molecules-25-02445]\].

Our experiment shows that adjustment to 0.5 mg/mL of creatinine enabled standardization of internal standard normalized matrix factor (IS-normalized MF) for different pig urine samples ([Figure 4](#molecules-25-02445-f004){ref-type="fig"}). For all analytes, the RSD of the IS-normalized MF calculated from the six lots of samples was lower than 20%, which enabled meeting the EMEA criteria in terms of matrix effect. For non-diluted urine, the differences in IS-normalized MF for urine with different creatinine levels (1.3, 2, 2.8 mg/mL) were much higher than 20%. ([Figure 5](#molecules-25-02445-f005){ref-type="fig"}).

3. Materials and Methods {#sec3-molecules-25-02445}
========================

3.1. Chemicals {#sec3dot1-molecules-25-02445}
--------------

The creatinine reference compound was obtained from Sigma Aldrich. HPLC-grade acetonitrile was purchased from J.T. Baker (Phillipsburg, NJ, USA). Trifluoroacetic acid was obtained from Fluka (Buchs, Switzerland). All other chemicals were of analytical grade. The water was purified using a Direct-Q water purification system (Millipore, Bedford, MA, USA).

Reagents for measurement of creatinine concentration (COD 11802, COD 11502, COD 11542) and biochemistry control urine (COD 18054) were obtained from BioSystems S.A. (Barcelona, Spain) and stored at 2--8 °C.

Porcine creatinine ELISA kit was provided from SunLong Biotech Co., Ltd. (Hangzhou, China) (SL0182Po). It contained micro ELISA strip plate, standard (180 nmol/mL), standard diluent, sample diluent, and other reagents used in creatinine assay.

3.2. Preparation of Standard Solutions for Chromatographic Method {#sec3dot2-molecules-25-02445}
-----------------------------------------------------------------

A stock solution of creatinine was prepared at a concentration of 1 mg/mL in deionized water. The working solutions of various concentrations (100, 50, 10, 5, 1 µg/mL) of creatinine were prepared by the appropriate dilution with deionized water. All of these solutions were stored at 4--8 °C in the refrigerator for three months.

3.3. Urine Samples {#sec3dot3-molecules-25-02445}
------------------

Urine samples (*n* = 166) collected from pigs before slaughtering between January and September 2019. The samples were taken by Veterinary Inspection in Poland under the Residue Control Monitoring Program. The samples were stored in the refrigerator at −20 °C until analysis.

3.4. Sample Preparation {#sec3dot4-molecules-25-02445}
-----------------------

### 3.4.1. Chromatographic Method {#sec3dot4dot1-molecules-25-02445}

Urine samples were centrifuged to obtain clear supernatants at 4500*g* for 15 min. Then, 10 μL of urine was diluted with 990 µL of mobile phase ([Section 3.5](#sec3dot5-molecules-25-02445){ref-type="sec"}). The aliquots of diluted urine samples were centrifuged at 14000 rpm for 10 min and transferred to autosampler vials. An aliquot (25 μL) of the sample solution was injected into the LC-UV for analysis.

### 3.4.2. The Spectroscopic Method Based on Jaffe Reaction {#sec3dot4dot2-molecules-25-02445}

Urine samples and working reagents were prepared according to the Biosystem (Spain) procedure. Urine samples were centrifuged for 15 min at 4500 rpm and diluted 1:200 with distilled water. Biochemistry control urine was diluted 1:50 with distilled water. The working reagent and the photometer were brought to 37 °C. Then, 1.0 mL of working reagent and 0.1 mL of standard/diluted urine sample were mixed and pipetted into a cuvette.

### 3.4.3. ELISA Test {#sec3dot4dot3-molecules-25-02445}

Pig urine samples were centrifuged for 15 min at 4500 rpm and diluted 1:500 with distilled water. A five-point calibration curve (0.001--0.014 mg/mL) and pig urine samples were prepared in three replicates according to the procedure \[[@B51-molecules-25-02445]\]. In each batch, the absorbance of biochemistry control urine was measured.

3.5. Chromatographic Conditions {#sec3dot5-molecules-25-02445}
-------------------------------

The Agilent 1200 HPLC system (Agilent Technologies, Waldbronn, Germany) consisted of a handheld control module, quaternary gradient pump, a vacuum degasser, an autosampler, thermostated column compartment, and UV detector.

The analytical column was a Hypercarb column (100 × 2.1 mm, 5 μm, Thermo Fisher Scientific, San Jose, CA, USA) with a guard column (5 × 2.0 mm, 5 μm, Thermo Fisher Scientific, San Jose, CA, USA). Isocratic elution was employed for separation. The mobile phase was a mixture of 95.9% deionized water, 3% ACN, and 0.1% TFA pumped with isocratic mode with 0.25 mL/min flow rate. The run time was 8.0 min per sample.

3.6. Detection and Quantification {#sec3dot6-molecules-25-02445}
---------------------------------

### 3.6.1. Chromatographic Method {#sec3dot6dot1-molecules-25-02445}

The detection of creatinine was carried out by UV absorbance at 215 nm. Creatinine concentration was calculated from the calibration curve ([Section 3.2](#sec3dot2-molecules-25-02445){ref-type="sec"}) using Agilent Chemstation B.01.03 software (Agilent Technology, Santa Clara, CA, United States).

### 3.6.2. Spectroscopic Method Based on Jaffe Reaction {#sec3dot6dot2-molecules-25-02445}

The absorbance of each sample was measured three times on spectrophotometer (CECIL CE 2501, Cecil Instruments Limited, Cambridge, United Kingdom) at 500 nm after 30 and 90 s. Then, the absorbance difference of samples was compared to the absorbance difference of creatinine standard and creatinine concentration was calculated. For quality control, in each batch, the absorbance of biochemistry control urine was measured.

### 3.6.3. ELISA Test {#sec3dot6dot3-molecules-25-02445}

The absorbance was measured on the ELISA plate reader (ELx800, BIOTEK Instruments, Bad Friedrichshall, Germany) at 500 nm. Creatinine concentration was calculated from the calibration curve.

3.7. Validation {#sec3dot7-molecules-25-02445}
---------------

### 3.7.1. Chromatographic method {#sec3dot7dot1-molecules-25-02445}

The method was validated by evaluating linearity, LOD and LOQ, accuracy (recovery, %), and day-to-day precision (within laboratory reproducibility, RSD, %).

Five-point calibration curves at concentrations of 1, 5, 10, 50, 100 µg/mL were prepared for linearity experiment.

The limit of detection (LOD) and quantification (LOQ) were calculated from the signal-to-noise ratio (S/N) = 3 and S/N = 10, respectively.

The recovery was calculated as a difference between creatinine concentration measured in urine samples and added three levels of known amounts of creatinine standards (10, 20, and 30 µg/mL) into four different urine samples.

Day-to-day precision was evaluated by performing four injections of standard solutions and four different urine samples each day on five different days within two weeks.

To evaluate the potential carry-over, the highest calibrator was injected into the LC--UV instrument, followed by an ACN blank to determine if the results of the solvent blank injections were affected by the previous run.

### 3.7.2. Spectroscopic Method Based on Jaffe Reaction (Provided by Biosystems) {#sec3dot7dot2-molecules-25-02445}

The detection limit was 0.02 mg/mL creatinine, and the linearity limit was 0.20 mg/mL. Precision is provided by the producer and is given in [Table 2](#molecules-25-02445-t002){ref-type="table"}.

### 3.7.3. ELISA Test (Provided by SunLong Biotech Co., Ltd.) {#sec3dot7dot3-molecules-25-02445}

Assay range is 0.2--15.8 mg/mL (2--140 nmol/mL) and LOD 0.06 mg/mL (0.5 nmol/mL). Precision is provided by the producer and is given in [Table 3](#molecules-25-02445-t003){ref-type="table"}.

3.8. Comparison of LC-UV Method with Spectroscopic and ELISA Methods {#sec3dot8-molecules-25-02445}
--------------------------------------------------------------------

Twenty-five urine samples (described in [Section 3.3](#sec3dot3-molecules-25-02445){ref-type="sec"}) were analyzed with three methods: developed HPLC-UV, spectroscopic method (based on Jaffe reaction), and ELISA test. Each sample was analyzed in three replicates. Additionally, in each batch, the absorbance of biochemistry control urine was measured.

3.9. LC-MS/MS Method for Mycotoxin Biomarkers Analysis {#sec3dot9-molecules-25-02445}
------------------------------------------------------

The LC-MS/MS method following liquid-liquid extraction was developed and applied for the sensitive determination of eleven mycotoxins (biomarkers of exposure) including zearalenone (ZEN), zearalanon (ZAN), ochratoxin A (OTA), aflatoxins (aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1) and aflatoxin M1 (AFM1)), T-2 toxin (T-2), HT-2 toxin (HT-2), sterigmatocystin (STC) and enniatin B (ENB) in pig urine. For mycotoxin quantification internal standard (IS) correction was used.

The method was successfully validated regarding the guidelines specified by the EMEA 2011 in terms of linearity, selectivity, sensitivity (LOD and LOQ), accuracy, precision (intra- and inter-day variability), matrix effect and carry over (publication in preparation).

3.10. Standardization of Urine Samples to the Constant Creatinine Level for LC-MS/MS Analysis of Mycotoxin Biomarkers {#sec3dot10-molecules-25-02445}
---------------------------------------------------------------------------------------------------------------------

For each analyte for normalized and not diluted urine, the matrix factor (MF) was calculated for each lot of samples by calculating the ratio of the peak area in the presence of matrix (measured by analyzing blank matrix spiked after extraction with analyte), to the peak area in absence of matrix. The IS-normalized MF was calculated by dividing the MF of the analyte by the MF of the IS. The RSD of the IS-normalized MF calculated from the six lots of samples should be lower than 20% to meet EMEA criteria in terms of matrix effect.

4. Conclusions {#sec4-molecules-25-02445}
==============

The described HPLC-UV method was proven to be a rapid and accurate method for the determination of creatinine in pig urine samples. Chromatographic conditions were developed to achieve satisfactory retention of creatinine. Sample preparation based on dilute and shoot approach---the described method is simple and robust.

The developed method has been successfully applied to quantify creatinine in urine samples from 166 pigs. It was also compared with the spectroscopic method and ELISA test. ELISA test couldn't be reproducible, and the spectroscopic method resulted in 61.5% of the samples in different results as LC-UV method.

Additionally, this developed LC-UV method was successfully applied as a normalization tool in LC-MS/MS mycotoxin biomarkers analysis. The standardization to constant and low creatinine level (0.5 mg/mL) enabled us to achieve similar matrix effects for pig urine samples with different creatinine levels for eleven mycotoxins. This approach seems to be necessary in the case of pig urine because of the high diversity of creatinine level and matrix effects. For human urine, the creatinine levels are rather constant, there could be some exceptions like high creatinine levels (3.4 ± 2.4 mg/mL) for rural subsistence farmers in the former Transkei, South Africa \[[@B32-molecules-25-02445]\]. To sum up, to avoid incorrect mycotoxin biomarker quantification, creatinine levels should be measured with a reliable method in every urine sample.

**Sample Availability:** Samples of the compounds are available from the authors.

The following are available online at <https://www.mdpi.com/1420-3049/25/10/2445/s1>, Table S1: Human biomonitoring studies, in which the ratio between mycotoxin concentration and creatinine content of urine was calculated.

###### 

Click here for additional data file.
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![(**a**) Chromatogram of creatinine standard (10 µg/mL, 0.1% TFA, R~t~ = 4.6 min); (**b**) Chromatograms of creatinine extracted from pig urine samples with different TFA content in mobile phase: A---0.01% TFA, R~t~ = 3.1 min, B---0.05% TFA, R~t~ = 3.6 min, C---0.1% TFA, R~t~=4.6 min.](molecules-25-02445-g001){#molecules-25-02445-f001}

![The pig urinary creatinine levels---comparison of spectroscopic, ELISA, and LC-UV method. For every method, the scatter of the results is shown.](molecules-25-02445-g002){#molecules-25-02445-f002}

![Levels of creatinine in 166 pig urine samples, determined with the LC-UV method.](molecules-25-02445-g003){#molecules-25-02445-f003}

![Comparison of internal standard-normalized matrix factor (IS-normalized MF) for normalized (urinary creatinine = 0.5 mg/mL) and non-diluted urine (urinary creatinine = 1.3, 2, 2.8 mg/mL). For creatinine 0.5 mg/mL---the scatter of the results is shown, because IS-normalized matrix factor was calculated for six different urine samples. Adjustment to other creatinine levels (1.3, 2, and 2.8 mg/mL) was tested only on one urine sample.](molecules-25-02445-g004){#molecules-25-02445-f004}

![Comparison of day-to-day precision (RSD) values of matrix factor for normalized (urinary creatinine = 0.5 mg mL^−1^ in six replicates) and non-normalized urine (variance between results of mycotoxin analysis in three different creatinine levels: 1.3, 2, 2.8 mg mL^−1^).](molecules-25-02445-g005){#molecules-25-02445-f005}

molecules-25-02445-t001_Table 1

###### 

The recovery (calculated as a difference between added creatinine standard and creatinine concentration in urine) and day-to-day precision (four injections per sample, each day on five different days within two weeks) of the HPLC method.

  -------------------------------------------------------------------------------------------------
  Urine Number   Creatinine Concentration\   Recovery \[%\]   Day-to-Day Precision         
                 \[mg/mL\]                                                                 
  -------------- --------------------------- ---------------- ---------------------- ----- --------
  1              2.49 ± 0.11                 91.6             98.5                   104   11.49\
                                                                                           7.39\
                                                                                           3.48\
                                                                                           8.28

  2              1.56 ± 0.06                 93.2             101                    108   

  3              2.57 ± 0.07                 89.4             102                    103   

  4              1.16 ± 0.10                 114              108                    111   
  -------------------------------------------------------------------------------------------------

molecules-25-02445-t002_Table 2

###### 

Within run and run to run precision.

  ---------------------------------------------------
               Mean Concentration\   RSD \[%\]   n
               \[mg/mL\]                         
  ------------ --------------------- ----------- ----
  Within Run   0.017                 2.9         20

  0.053        1.3                   20          

  Run to Run   0.017                 3.9         25

  0.053        2.9                   25          
  ---------------------------------------------------

molecules-25-02445-t003_Table 3

###### 

Intra-assay and inter-assay precision.

               Creatinine Concentration   RSD \[%\]   n
  ------------ -------------------------- ----------- -------------------------
  Within Run   Low                        \<10        20
  Middle                                              
  High                                                
  Run to Run   Low                        \<12        8 on 3 different plates
  Middle                                              
  High                                                
